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Sir TtTlf t0 ke ? ,hc Secreti0Ils f ™ m accumulating in 
he chest, ami thus allowing the walls of ,hc immense abscess to ap¬ 
proach each other, and finally to obliterate the cavity. In the num¬ 
berless introductions or the catheter, a single bubble or two of air 

:Srr r :" 0 ; Cd, ° cntcr ’ and then at the moment of its 
withdraHal I note tins case in hopes that this process may be 
thoujit worthy ot a trial, by some more experienced hand. 

A case or abscess of the chest, of some interest, occurred a few 

fZd aS ° T U| ’ PC , r - Part ° f this statc ’ iu llle Practice of a medical 
riernl, and was cured in a way somewhat unique, which would seem 
to make it worthy of recital. 

A man was seized with some affection within the thoracic cavity, 

Ml. ch resisted the prescriptive treatment of his physician. The 

stethoscope at that period had not come into general use, and the 

case was so ambiguous, that its character was not revealed by its 

symptoms. The pat.ent and his friends entertained the opinion, that 

he was labouring under pulmonary consumption. No swelling „„ 

discoloration, existed externally upon the thorax; but the patient 

from the internal sensation produced by the disease, had a settled 

conviction that there was a gathering within. Taking a seat bv an 

unfrequented side of the house, he plunged the blade c.rhis penknife 

opposite the seat of pain between the ribs. He was found with pus 

flowing from the wound; a large quantity was discharged from the 

ZZ Zflv ° m T ‘ ime hlS W- -re relieved, and the 
patient finally recovered. 


Art. IX. On the Penetration of Gases. By J. K. Mitchell, M. R 
I .ofessor of Chemistry, &c. in the Franklin Institute, and Lecturer 
in the Medical Institute. 

IN the November No. of this Journal for 1830, I published a paper, 

Th ra "° !‘ f transmission nf through membranes, 

lhc subject has since that period attracted much attention, both here 

and in Europe, and the experiments then made, have become the 
basis of reasoning on many morbid phenomena, and some physiolori- 
a functions, particularly that of respiration. These considerations 
to d T aSa ' n | . to . rev,ewthe Experiments made at that time, and 

ul l -« C 7’l' V I feCmCd neCCS?ar - V to the ful1 elucidation of the 
subject. Ibis labour became the more necessary, since Mr. Ghm, am 

of Glasgow, a chemist of growing reputation, has, in the course of an 
experimental investigation of the transmission of gases through stucco 
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plugs and other inorganic substances, confounded together two very dif¬ 
ferent actions, and thus thrown some obscurity over the whole subject. 

In 1829 I believe, Mr. Graham attempted to ascertain with accu¬ 
racy the law by which the gases intermingle, or are diffused through 
one another. Mr. Dalton had previously shown, that when two gases 
of different specific gravities are placed in contact, so that the heavier 
gas shall be beneath the other, they notwithstanding, gradually com¬ 
mingle, even if a long narrow tube be the only connecting medium 
between their respective reservoirs. These and other facts led Mr. 
Dalton to conclude that each gas is repulsive only of itself, and that 
its interstices are a vacuum for the reception of any other gas what¬ 
ever. The fallacy of that view of the subject might have been made 
out by the fact, that the commingled gases occupy as much space as 
when existing separately, and therefore cannot be supposed to enter 
the interspaces of each other as into a vacuum. The first experiment 
however, which demonstrated the error, was that recited in my first 
paper, showing that the force of ‘ diffusion,’ as well as of ‘ penetration,’ 
exceeded by an unknown quantity, the pressure of two atmospheres. 
Mr. Graham, by confining gases in vessels communicating with the 
air by narrow apertures, found that the ratio of diffusion varied in¬ 
versely as the square root of the density. In a paper read before the 
Royal Society of Edinburgh on 19th of December, 1831, more than 
a year after the publication of my paper, Mr. Graham describes a 
series of experiments on * diffusion,’ made by the intervention not of 
artificial apertures, but of plugs of stucco in which the pores are mi¬ 
nute enough to oppose a slight resistance to the mechanical escape of 
aerial fluids. By placing various gases in a glass vessel closed at 
one end by a stucco plug, and resting on mercury or water, and ob¬ 
serving the time taken to escape, and the volume of reentered atmos¬ 
pheric air, he formed the following table. 


Tabic of Equivalen t Diffusion Volumes of Gases, air being 1 or Unity. 




Specific Gravity. 

Hydrogen. 

Carbureted hydrogen - . _ . . 

Olefiant gas. 

Carbonic oxide. 

Nitrogen . 

Oxygen. 

Sulphuretcd hydrogen ..... 

Protoxide of nitrogen. 

Carbonic acid - ....... 

Sulphurous acid 

3.83 

1.344 

1.0191 

1.0149 

1.0143 

0.948r 

0.95 

0.82 

0.812 

0.68 

0.694 

0.555 

0.972 

0.972 

0.972 

0.111 

1.1805 

1.527 

1.527 

2.222 


Thus his former conjecture was confirmed, and he appears to have 
No. XXV.—Nov. 18S3. 10 
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proved that ‘ diffusion’ is inversely c 

the pores of stucco, charcoal, paper, & c A * 

ease by the gases, the quantityconstaml'v P enet ™ ted with great 
of the stucco is greater than life diffusive pow^Hs Mnable^f 81 '^' 68 
mg away, hence only the ‘ diffusion ’ can be thus,^f convey, 
amount of ‘ penetration ’ is limited to tl. B 1 exhibited, since the 
air. The removal more rapXbt a c rent J rCm ° Ved * the 
increases the amount effused P showine- the \ ° r & vacuum ' S re atly 
Substantially in the 

tion’ exceeded the • diffusibility,’onlyTeXt er TouM ‘ PCnetra ' 
whereas, when the diffusion is greater than the nZ measured . 
action of the barrier which is estimated O P . e "f trat, °"’ '* the 
tion. Mr. Graham has confoundedtoShera & ^ 

barriers, and asserts tliat “ dried l,l-„M 0 k ds ° f P enetra ble 

,l« diffusion °V" 

is effected at least twentv s , , n ° e ^ llc ^ness of bladder 

ness of one iSofSo"hlTon ^ a 

hydrogen, under mechanical nressn • >C ° ^ ^ and ’ either air or 

bladder than through a great thicknp^ P f S f eS more ra P'dly through 

is even more permeable*b‘aI „„, v T™’ Go,dbeater *’ skin 
and less suitable for diffusion.” p p . At" p adder ’ 

has fallen into unaccountable error fn ^particular f'" Graham 
by the following simple experiment R ’ 3 den, ° ns trable 

or,oist. 

Stucco. In ^ Jr . trealed tube closed with 

Stucco, and followed the mercurial Tolumnd P T d thr ° Ush the 
in the trough. In the othe r h. w T '° tl,e Ievel oft hat 
entered through the bladder’to disengage""’ mercXfrot f ^ 

admit air by mechanical imnnUion ^ ^ tube treated will 

-»!r 

unsound or imperfectly tied on AVI \ d ° CS othenv ise it is 

W., „„ by , P ,,,ltei„; he *" ne " r , M»W» finds i„ 

rapidly LJS “d7“dt UM "’ “ "" 

Another experiment made with a different „h,w a 

“«* * H-ta in »S. “d^r; 
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holding two cubic inches of air were closed with bladder at one end, 
and filled half-full of nitrogen, hydrogen and oxygen respectively, so 
that each tube being placed over water, held a column of that liquid 
nearly three inches high. Notwithstanding the pressure inwards, 
the tubes all of them fully supported the columns, and at the end of 
five days they all contained less air and more water than at the be¬ 
ginning. No stucco plug would support a three inch column of water 
for five minutes. 

Notwithstanding these discrepancies, I thought it important to eo 
again into an examination of the ‘penetration’ of gases, and to write 
on the subject a series of papers, of which this, the first, will contain 
little more than an experimental review of ground formerly but 
hastily traversed. The great importance of the subject, seem to 
me to justify the repetition of the experiments which will be renort- 
ed more in detail than the former ones. 1 

The annexed wood cut represents the inverted syphon with which 

rrrpnf tnontr thn f ~ 11 : • ^ ‘ 


Fin-, i. 



a great many of the following experiments were 
made. Enlarged at one end into a kind of funnel 
or inserted cone, y'jths of an inch in diameter, over 
which the membrane is tied, its other limb T yhs 
wide, is graduated into divisions of equal lengths, 

of the capacity of 0.003 of a cubic inch. Under 

the membrane were placed 0.075 of a cubic inch . ~L p 
of atmospheric air, which was confined there S {.!/ I 

by mercury having the same level in both limbs 
of the syphon. Thus prepared, the funnel of the syphon was pressed 
under mercury and-brought up into a bell-glass, holding two and a 
half cubic inches of the gas to be tested. The rise of the column of 
mercury m the outer limb indicated the velocity of influx, and the 
quantity. In the first series of experiments exhibited in the follow¬ 
ing table, gum-elastic was used as the barrier. Its flexibility when 
•try, its refractory character, its feeble hygrometric power, well fit it 
or a standard of comparison.* The whole of the experiments ar¬ 
ranged in the first table, were made with the same membrane, so 
that, making allowance for the effect of dust, mercury, and the irre¬ 
gular manner in which quicksilver moves in a narrow'glass tube, the 
tanous results by the same gas are very uniform. 

■“* r " - l "- J -■ 
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The average rate of penetration is inversely as the following num¬ 
bers. 

Sulphureted hydrogen, 1; cyanogen, 1.166; ammonia, 1.75; car¬ 
bonic acid, 4.50; hydrogen, 15; oxygen, 35; or taking the least 
number of each column, we have—sulphureted hydrogen, 0.85; 
cyanogen, 1; ammonia, 1.25; carbonic acid, 4.233; hydrogen, 14.75; 
oxygen, 32. As these numbers are also inversely representatives of 
the quantities of the gases admitted in equal times, it follows that 
nearly fifteen times as much cyanogen enters in a given time as of 
hydrogen, whereas according to Graham, hydrogen should enter in 
about four times the measure of cyanogen. 

In the instrument, Fig. 2, some of the gases were compared, so as 
to verify the results of the first 
table, the intervening membrane 
being also gum-elastic. The in¬ 
strument consisted of two hollow 
cylinders of iron or brass with 
flanges and screws so that they 
might be forced into powerful con¬ 
tact. To accomplish this 
better, the screws had perforated 
heads through which a lever could be passed. Between the shoulders 
of the cylinders, was placed the membrane, and by means of the 
screws and levers, the shoulders of the cylinders tightly compressed 
the membrane, so as to entirely cut off communication with the air at 
the point of contact. Into the cylinders were fixed by seal in- wax 
curved glass limbs, of equal length and diameter, so that whe°i put 
together the whole represented an inverted syphon open at each end, 
but separated into two compartments by the membrane at its middle 
point. By placing measured quantities of the gases to be compared, on 
opposite sides of the membrane, the experiment commenced under 
perfectly equal circumstances. The quantities were alike, they were 
on the same level at the membrane, and were subject to equal causes 
of tension. But few observations were thus made on gum-elastic, 
and these merely to verify the results presented by the funnel-syphon! 
Carbonic acid was found to be more penetrant than hydrogen, hv- 
drogen than oxygen, and oxygen than nitrogen, made both by phospho¬ 
rus and hydrogen. The exact degree was, for want of time, over¬ 
looked. 

Another general verification was made in simple tubes standing 
erect over mercury or water, and covered with the same kind of mem! 
brane. In these cyanogen was more penetrant than carbonic acid, 
that than hydrogen, that than oxygen, and nitrogen scarcely ever 

10 * 





106 


Mitchell on the Penetration of Gases. 


raturf than *“* Pr ° duCed b ^>‘^tion of tempe- 

in the next paper more exact results will be -nven. 

anf reren P t r0 a C nimll S t ! ° aCti ° n ° f ^ °" Wet anilaal 
bladder A f I '’ S ° me Obsm ' ation9 "ere made on dry 
„ Q S Hn r ' S ‘ T fil,ed t0 the to P with mercury-after 

**■ 3 ■ lltTtr m K CUriaI tr ° Ugh a " ni e h( ’ a very small 
ubble of air was observed among the mercury vet in 

contact with the membrane. A similar tube Cosed wUh 
a plug of stucco an inch in depth suffered the air to enter 
so rapidly as to let the mercury fall to the level of that 
m the trough ,n a few minutes. Having ascertained in 
ns manner the tightness of the membranous coverof three 
equal tubes, a cubic inch of hydrogen, oxygen and nitrogen 
respectively was placed in them. By transfer to water 
that liquid took the place of the mercury without wetting 
the membrenes. After five days the hydrogen was less 
by O.o8 of a cubic inch, the oxygen by 0.08, and the ni¬ 
trogen 0.015. Stating the rate of hydrogen as in the 

' „ * lst , e at 15, that of ox ygen will be 3.158, and of ni¬ 

trogen 0.o8: or hydrogen penetrates nearly five times as rapidly as 
oxygen, and that nearly six times as rapidly as nitrogen, when dry 
bladder is used for the coyer, and the gases stand over water. ' 

A syphon, Fig. 2, contained in its limbs 125 parts of hydrogen and 
carbonic acid respectively. A perfectly dry bladder intervened, and 
was compressed by the shoulders of the iron as forcibly as possible. 
At the end of twenty-four hours, of the 125 parts of hydro-en " pass 
ed to the carbonic acid through the membrane, 51 j by the°space be¬ 
tween the iron shoulder and bladder to the air, and by the same way 
there reentered Stfjds of common air. ' 

Of the 125 parts of carbonic acid 5 passed through to the hydro- 

n^asu" dS! ^ thC SidC ° f ** ‘° the ^ a " d L Entered tdr 

Penetration through dry bladder—hydrogen 2, carbonic acid 5, or 
I to 2.5. * 

Diffusion by the side of the membrane-hydrogen 51.5, air 30.660, 
or 1.08 to 1; carbonic acid 30.5, air 25.5, or 1.196 to 1. 

Experiments on the penetration of gases through wet and recent 
animal tissues. 

I he syphon, Fig. 1, used for the experiments arranged in Table I 
containing the same quantity of atmospheric air, was covered with 
bladder soaked in water until perfectly infiltrated, and then wiped 

3 °" the sarface ‘ } l then > b J immersion in the following gases, 
gave the results stated m Table II. ab . 
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table n. 


Bates of Penetration through xoet Bladder in Syphon, Fig. 1. 



133 32 

£31 

Ammo¬ 

nia. 

Cyano¬ 

gen. 

Cyano¬ 

gen. 

Carbo¬ 
nic acid. 


ESI 

E§a 

Nos 

d. 

E 

O 

o 

c. 

e 

6 

V 

c. 

£ 


c. 

5 

O 

c. 

E 

d 

11 

El 

n 

I 

e. 

E 

c 


h 

03 

h 


H 


H 

03 


03 

ZJ 

03 

o 

h 


V 

S- 


1 

72° 

8 

72° 

m 

71° 

49 

69° 

50 

69° 

224 

71° 

228 

72 0 

38 

m 

37 



12 


10 


66 


62 


214 


194 


30 


34 



11 


9 


55 


48 


193 


192 


31 


31 

* 


8 


8 


46 


44 


158 


193 


37 



5 

_ 

10 


10 


54 


51 


228 

i 

225 






Ratio—1 to 5.5—20.7—600. 


TABLE ni. 

Bate of Penetration through the Crop just taken from a Chicken, and tied over the 
end of the Syphon, Fig. 1. 


tr. 

O 

4 

Ammonia. 

Ammonia. 

Ammonia. 

Cyanogen. 

Cyanogen. 

Carbonic 

acid. 

c. 

£ 

o 

H 

See. 

Temp. 

Sec. 

Temp. 

Sec. 

Temp. 

Sec. 

c. 

B 

o 

tr* 

See. 

Ill 

1 

72° 

8 

71° 

8 

73° 

8 

71° 

45 

69° 

55 

1 156 

2 


10 


10 


G 


43 


46 

1 139 

3 


14 


14 


5 


41 


36 

95 

4 


18 


18 


5 


27 


28 

115 

5 






8* 


47 


42 

137 


Ratio—1 to 4—12.3. 


The piece of paper containing the account of the experiments on oxygen 
for Table II. and of oxygen and hydrogen for Table III. having been mislaid, I 
am able ,0 recollect merely the general agreement exhibited by the other 
gases. Oxygen penetrated somewhat more slowly titan hydrogen. 

Experiments on the penetration of gases through ivet and fresh ani¬ 
mal tissues in the inverted syphon, Fig. 2. 

1st. Over mercury 0.85 of a cubic inch of carbonic acid and oxy¬ 
gen from nitre were placed in the opposite limbs of syphon, Fig. 2, 
separated from each other by wet bladder. In twenty-five hours the 
carbonic acid was lessened to 0.355, which lost by washing 0.330, 
leaving behind 0.025 of oxygen. The contents of the other limb were 


* Immediately after an experiment with any gas, a repetition 
membrane and gas usually showed acceleration. 


with the same 
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b “* ««*•« «»>"««* b, 6i „„ in8 

•«er Im-mpone taJffcU T* f “ W ”’ 

b r „„hi, s „, 05 , lmi „ E 

The other limb contained 0 i rt e* k i • 
bonic acid and .0*5 of oyv«™„ * i bjr ' washin & °- so 5 0.30 of car- 
held in its pores 0.195 carbolic th I r ° Ugh the membrane, which 
acid is ten Lies as ^ W* ° r «*«* 

°TO» after a lapse of 
0.88, lessened by washine to 0 ns i T !" the L carbonic hmb was 
•••* >** 

penetrated, and 0.18 were absorbed- while 0 05 „ mC acld 

and 0.015 was absorbed- nr •’ le °- 05 oxygen penetrated, 
penetrant as oxygen* aC,d ' S “° re than six time. as 

z & jzz * i h itrr“ “ i “»“ “i“ 

penetrates fifteen times as rapidly as oxygen 1 * 6 " 1116114 ’ Carb ° Dlc acid 

y'i" ?™;„ F tttl"rr io r r «. 

equl quantities „ere° usd. Ti,e cola™ 

limb containin', cyan™, c.., ■ ®f. mercurj- rose in the 

- - 

anti «,1"'XT ‘™' J P,rts ° f W". 

* H - vdro S en and nitrogen compared over water bv wet hi. 11 
Time nine or ten .lays; instrument; Fie. - nuanOH o s 
temperature ranged between G9= and 78~Fahr By H f ^ 
ometer the hydrogen was shown to hold 0 289 of nit™ f S “ 

gen 0.0 hydrogen, hydrogen therefore'^netL^LLt 

increased the LpLLTquLdLrfthl more^bso^le ^ mCmbnlne ’ 1 
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1st. Comparing oxygen and hydrogen in the same manner with 
intervention of fresh crop—after two days the greater penetrancy of 
hydrogen could be seen by the change of volume, which was not how¬ 
ever very considerable.* 

Experiments to ascertain the full result of penetrant action through 
wet bladder. 

To effect this object, a syphon similar to that represented in Fig. 
1, was so adjusted, that its outer limb at A being made short, it 
could discharge the mercury in proportion to the influx of gas at the 
other end, without very materially altering the plessure. The mer¬ 
cury discharged represented the quantity of aerial influx through the 
membrane, or rather the ditference between the penetrant action of 
air and the gas. The wide end of the syphon contained 0.25 parts 
of a cubic inch of air, the bell-glass nearly a pint of gas. The first 
experiment was made with ammonia at the temperature of 69° Fah. 
After a lapse of between thirty minutes and an hour in all cases, the 
ammonia seemed to cease action, and the quantity of mercury thrown 
out, was in three different cases 1.025, 0.90, and 0.975 respectively. 

Cyanogen. Under the same circumstances took at least eight hours 
to complete its action, and the quantity of mercury thrown out varied 
from 0.90 to 1.00. 

Carbonic acid did not cease action for nearly three days, when it 
was found that 1.125 parts of mercury were discharged. 

In a second experiment .555 parts were discharged in twenty-five 
hours; in the next twenty hours and fifteen minutes, 0.15; in the next 
twenty-four hours and ten minutes, 0.075; and in the nineteen hours 
and thirty minutes immediately preceding the cessation of action, 
0.02. Total, with correction for temperature and pressure, 0.98, in 
about three and a half days. 

Hydrogen under a similar arrangement discharged 0.045 in eleven 
hours and fifteen minutes; 0.025 in seven hours and fifteen minutes; 
0.045 in sixteen hours; 0.07 in twenty-five hours and fifteen minutes. 
Total after correction, 0.205, in fifty-nine hours and forty-five mi¬ 
nutes, at which time an accident put an end to the experiment, while 
it was yet in action. From the experiments immediately antecedent, 
it is probable that the amount would finally have reached about 0.95 
to 1.00, or a cubic inch; or, as in the other cases, 0.25 of air would 

* thc last two experiments nothing is certain but the greater penetrancy 
of hydrogen over either oxygen or nitrogen, for the motion in the limbs of the 
syphon showed that. In both, the bladder began to spoil at the end of the ex- 
penment. 
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ming!e with 1.00 of gas, the proportion being about 4 to 1 as in the 

"•’T— 

Of such action by analysis even in 0 * a ' 6 SCarcel ->’ a trac e 

. > r 

r .is ES.t'S £ TJZ‘ “7“ 

co'mpTetdTn haiunltYthetn r u^ 0 ’ ^ 

for cyanogen, Zee d avs £ tratlon w “ b required eight hours 

much longer time for hydrogen ^tT unknown > bu ‘ 

had done about one-fiftieth of the ^ " ,n two da ? s and a llaIf 

an hour. It is, “lever „ he u f'f Uted b * ammonia in ba 'f 
monia was not well observed and it mav h tlle MaCt lime for am ‘ 

to an extent exceeeding half an hour. * a ' e been m >sstoted, but not 

hydrogen, and carhnmV 1 ° “ the same reservoir, air, 

r:c •» i’Sts isc 

SSr^if £ * %\i’ ?■ ?*. «.«.».«. 

14, 16, 20 o 9 Jb ’ S3 > 25 > 24 > 2I > 17 > 18, 16, is, 14, 14, 12, 14, 
Ratio on the whole, 1 to 3.163. 

second 1 smader apertore just visible the times of escape were in 

2 12 *.’ IOi ’ ”*• “• * 

Common 61 ,. 

Ratio—1 to 2.688—2.344. ’ > ~ U ’ OJ > S2 > j8 > 5o. 

pidV5»“”S:S' T '“ “ *»,«! ne ra- 

were in seconds. ' ° tak <* not to compress it The results 

Hydrogen-^, 76, 78, 79, 80 , 85 , 90 , 93 , 98. 

Carbonic acid 158, 155, 151, 159, 149, 174, 181 180 on* 

Common air_ 173 ifia ten lal > 180 > 20 o. 

,, 16o > 169 > 17z > 16r, 188, 200, 198, 215. 



Ill 


Mitchell on the Penetration of Oases. 

Ratio—1 to 2.005—2.18. The air penetrates with less facility 
than carbonic acid. 

Through a compressed stucco plug rather more than an inch in 
length the times of escape were in minutes, as follows:— 

1st Hydrogen—12s, 11, 13i, 14$, 13£, 15j, 18, 18.}. 

2d. do. 10i, 11, 12* 13|, 124 , 131. 

1 st. Carbonic acid—17, 18 }, 21 1, 22 }, 22, 25j, 29, 293 . 

2d. do. 17, I 85 , 201, 20|. 

1st. Common air—20^, 21, 231, 25, 24j, 271. 

2d. do. 191, 20. 

Ratio—1 to 1.626—1.727. The air penetrates with less facility 
than carbonic acid. 

Recapitulation. 


Hydrogen. 

Ratio of times—visible hole 1 

Carbonic acid. 
3.163 

Lesser aperture 

1 

2.688 

Thin plug of stucco - 

1 

2.005 

Thick dense plug 

1 

1.626 


It seems, if these experiments can be trusted without frequent re¬ 
petition, that the larger the orifice the more nearly the proportional 
quantities of gases given out in a certain time approach to Graham’s 
law of diffusion; and that the more minute the apertures the less the 
porportiohal facility of the escape of the lighter gas. Thus, air passes 
through a visible aperture faster than carbonic acid, but not so fast 
through the pores of stucco—while the proportional rapidity of the es¬ 
cape of hydrogen is greatest through the widest aperture, and though 
greater in the smallest, yet progressively lessened. Itpasses through 
a large opening 3.163 times as fast as carbonic acid—through^ 
smaller one 2.688 times as fast—through a thin plug 2.005 times as 
fast, and through a thick one only 1.626 times as fast. By still more 
minute channels it is possible that these two gases may pass with 
about equal facility, and pores may exist so minute as to reverse the 
order of penetration, as is demonstrated with respect to carbonic acid 
and common air in these very experiments.* The experiments to bear 
on this question are yet in progress, but those which exhibit the 
transmission through gum-elastic, wet bladder, and recent animal 
membrane, demonstrate, if not the cause, at least the fact of a reversal 
of the order of penetration; for through such in all instances the heavier 
gas penetrates much the more rapidly. If the size of orifice determine 
the penetration, philosophy may yet, by experimental investigation of 

* See page 106, where carbonic acid diffused to hydrogen by the side of a 
membrane, as 1 to 1.404. 
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%££ >rr ■» 

sible pores, calculate their size e ven°rl penetrat, on through mvi- 
penetrant atoms, and detect ma’nv m :te . rm,ne the volume of the 

tho'ogy, by a process which at firsUeemedTo” P hyS,ol °^ and ^ 
to the stores of useful science * promise no contribution 

tacts which have been here recorded °n f® estlons forcei1 °n us by the 

"hen they follow the whole series which! T ! l ' aVe ' more wei S ht 
readers of this Journal Forth * ’ r . 10 P e to soon before the 
riments I mustb eTnLl”sL , "Z*T , ! Fn V"*‘yofn,y* P e. 
tive profession n £ p "e d andtm,?“ ^ U ° US “ d tap “* 
promising phenomena. To prSiXm Z T* the most 
to work during the ni-hf ™,i ,■ as they are, it was necessary 

favourable to nice observation aniM '!" e3 a11 '"S 1 ’*’ a period not very 
imperfectly, they areTon«tlv Idt” But though 

prolix details have been stated at letih^tlm' 0 ^ “’jf ™'? 7 the 
opportunity of judgin- of the cnrr.^ ’ n. th L , reader has thus the 
culations. By reference to mv f,irn CSS ° b ° th dcductl °ns and cal- 
the ratio of penetration of some of die^H ’* "'!! bC perccived ‘hat 
neous, although not to aiie v ten t , ? aS6S aS tl,ere sta ‘ ed is erro- 
there set forth cVano^, 11 6 CDeral *"*«» 

.«..«,«% P «~i.nt2n “«; lf ™ 

alteration of rate ni'racin^o.i i. • , • *1 5LU > an<1 the extraordinary 
"’as not then clearly enou-h expressed 5 Th^ m , e " lbran ® with " ater > 
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